This review elaborates the role of reperfusion injury salvage kinase and glycogen synthase kinase 3β (RISK-GSK3β) pathway in myocardial ischemia/reperfusion injury (IRI) and whether its impairment is responsible for comorbidities due to the suppression of the conditioning cardioprotection. Method: We review the articles about RISK-GSK3β pathway in myocardial IRI published in the last two decades. Recent findings: The RISK, including phosphatidylinositol-3-kinase/protein kinase B (PI3K/Akt) and extracellular signal regulated kinase 1/2 (ERK1/2), combines with the downstream target of GSK3β, which confers important role in the conditioning cardioprotection when activated specifically at the time of myocardial reperfusion. Unfortunately, the conditioning protection is weakened or abolished when equipped with comorbidities such as aging, diabetes, obesity, as well as heart diseases. It has been speculated that the pathological processes resulting in RISK-GSK3β pathway alterations may affect the development of IRI and the responses to conditioning. Summary: The impairment of RISK-GSK3β pathway is responsible for the reduction of conditioning cardioprotection and any strategy that repairs the impairment may have the potential to restore the conditioning against the IRI in the heart in the state of comorbidities.
D eprived blood flow followed by inadequate oxygen and nutrient supply in patients with ischemic heart disease may lead to myocardial stunning, cardiac dysfunction, arrhythmia and even lethal myocardial infarction. Timely restoring the myocardial perfusion is an effective method to alleviate myocardial infarction and improve the long-term survival. However, the reperfusion itself paradoxically even induces myocardial injury termed as ischemia/reperfusion injury (IRI) (Figure 1 ). For reduction of IRI as much as possible, investigators have harvested a lot of cardioprotective strategies including ischemic preconditioning(IPC), remote ischemic-conditioning, various pharmacological conditioning and the combination of each other in the last three decades, which are all termed as" conditioning", and the conditioning protection has been confirmed in many species and IRI models (1, 2) .
Extensive basic studies have been carried out for elucidating the signal transduction pathways in conditioning cardioprotection. Interestingly, these conditionings recruit a similar signaling pathway at the initial of myocardial reperfusion, comprising cell-surface receptors, a diverse array of protein kinase cascades including the reperfusion injury salvage kinase (RISK) pathway, survivor activating factor enhancement, glycogen synthase kinase 3β (GSK3β) and the ter-minal point of mitochondrial permeability transition pore (mPTP) (1, 3) . RISK pathway, including phosphatidylinositol-3-kinase/protein kinase B (PI3K/Akt) and extracellular signal regulated kinase 1/2 (ERK1/2), as well as the downstream targets of GSK3β and mPTP in a broad sense, is activated at the onset of reperfusion, which is one of the most important mechanisms in conditioning cardioprotection (2, 3) . Despite these landmark results are consistently proved in experimental models, it is a pity that conditioning application is restricted and the protection is diminished in clinical settings such as cardiac operation and elective percutaneous coronary intervention. The main reason is that the aging population and the growing prevalence of comorbidities such as ageing (4) , diabetes (5), hypercholesterolemia (6) , and heart diseases (7, 8) , which are not present in animal studies. It has been speculated that pathological processes resulting in fundamental signaling molecular alteration may affect the development of IRI and the responses to cardioprotective interventions. However, it is hopeful that selective intervention for target proteins in the RISK and GSK3β pathways by specific drugs can restore the conditioning protection in the situation of comorbidities (9) . In this review, we will provide brief overview of the role of RISK-GSK3β pathway in the conditioning against IRI; and second, to emphasize that impairment of RISK-GSK3β pathway is responsible for the reduction of conditioning cardioprotection and any agent contributing to recovery will restore the protection.
Reperfusion Injury Salvage Kinase Pathway
The reperfusion injury salvage kinase (RISK) pathway is one of the most active and popular signaling pathways in recent years which have been demonstrated to play an important role in conditioning against IRI in different species including rat (10), rabbit (11) , mouse (12), porcine (13) as well as human (14) . Since the late 1990s, with the gradually recognition of cell apoptosis playing an important role in the lethal reperfusion injury, investigators have found that the so-called pro-survival anti-apoptotic protein kinases including ERK1/2 and Akt can be activated at the initial of myocardial reperfusion, which promoted the RISK pathway emerging as a concept (15) . Some reviews have systematically reviewed the original and evolution of RISK pathway, which not only included ERK1/2 and Akt but also PKC, activated protein kinase G (PKG) and GSK3β, and demonstrated the downstream effector mechanisms and the clinical application (16, 17) . Among these pro-survival kinases, GSK3β may act as a point of convergence for a variety of pro-survival signaling pathways resulting in mPTP inhibition and plays an important role in transferring protective signals. Unlike most kinases, GSK3β is constitutively active and deactivated by phosphorylation. Inactivation of the signaling kinase GSK3β has been shown to be a key event in the intracellular signaling of conditioning (18) . In normal state, exogenous drugs and autacoids including adenosine, opioids, and bradykinin induced by conditioning occupy their respective cellular receptor and activate PI3K and RAS-MEK1/2, which cause activation of Akt and ERK1/2, subsequently, the activation of Akt and ERK1/2 further elevate the phosphorylation of GSK3β and finally inhibit mPTP opening at the initial of reperfusion (As shown in Figure 2 ). It is very interesting that, as the important components of the RISK pathway, ERK1/2 and PI3K/Akt have a" cross-talk"which inhibits one kinase cascade up-regulate the activity of the other pathway at the initial of reperfusion. It will ensure that the signal for cellular protection is executed to act as a compensatory safeguard (19) . With the continuous development of research, investigators comprehensively understand the RISK pathway in IRI. It is striking that MG53, a muscle-specific TRIM-family protein expressed exclusively in the heart and skeletal muscle, executes acute membrane repair and elicits the IPC cardiacprotection in response to IRI (20) . This phenomenon depends on both the caveolin-3 and the downstream recruitment of the PI3K/Akt and ERK1/2 signaling cascades. However, the heart is more vulnerable to IRI and resistant to IPC due to lack of MG53 in the heart and RISK signaling deficiency. Note that, overexpression of MG53 enhances Akt, GSK3β, and ERK1/2 phosphorylation and provides protection (20). After that, numerous studies have shown that MG53 exhibits crucial roles in the cardioprotection by regulating Volume 3 September, 2016
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RISK pathway (21) (22) (23) (Figure 2 ). It will provide a novel cardioprotective therapeutic strategy for the treatment of acute myocardial infarction.
Impaired RISK-GSK3β Pathway Affects the Conditioning Cardioprotection under the Comorbidities
Numerous preclinical studies have indicated that conditioning is effective against myocardial IRI (1, 2). However, it is disappointing that application of the conditioning has not achieved satisfactory results from bench to bedside. It may be related to the complexity in human with comorbidities such as aging, diabetes, obesity, hypercholesterolemia and heart diseases (3, 9) . These comorbidities worsen the normal physiological activity of cardiomyocyte including ionic and energetic balance, pro-survival kinase and mitochondrial function etc., especially the pro-survival kinases mainly including RISK-GSK3β pathway take a major responsibility in the pathological changes. These changes may underpin the negative effects of comorbidities on IRI and responsiveness to conditioning. So, in the next, we will focus on the comorbidities interfering RISK-GSK3β pathway in conditioning against IRI, in addition, we also discuss whether some drugs interfering with the target proteins involved in RISK-GSK3β pathway can restore the conditioning cardioprotection under the comorbidities ( Figure 1 ).
Aging
Aging is a well-recognized risk factor for ischemic heart disease. Numerous studies indicate that age-related intolerance to IRI is associated with alterations of membrane-sensitive cytoprotective signaling and cardiac mitochondrial function (14, 24) . Especially, RISK-GSK3β pathway altered in aged hearts will undertake the responsibility for the suppression of conditioning protection (Table 1) . Akt is an established survival signal in the heart, which is one arm of RISK pathway. Over the last decade, studies have shown that aberrant activation of Akt is associated with cardiovascular disease and cardiac aging. Whittington et al. (25) published a study of IPC in aged diabetic rat hearts that the loss of cardioprotection The figure shows a simplified overview of the RISK-GSK3β pathway signaling transduction involved in the conditioning and restoring the conditioning cardioprotection by interfering with some pro-survival kinases under the comorbidities. PTEN and PHLPP-1, the specific negative regulators of PI3K/Akt, are overexpressed in the heart under comorbidities, and inhibition of PTEN or PHLPP-1 will activate PI3K/Akt, subsequently inhibit GSK3β and mPTP opening to protect the heart against IRI. The inhibition of GSK3β and mPTP opening by their inhibitor, SB216763 and CsA, respectively, can also restore the conditioning protection under the comorbidities. (+ ), activation; (-), inactivation; GSK3β, glycogen synthase kinase 3β; PI3K/Akt, phosphatidylinositol-3-kinase/protein kinase B; ERK1/2, extracellular signal regulated kinase 1/2; eNOS, endothelial nitric oxide synthase; PKG, activated protein kinase G; mPTP, mitochondrial permeability transition pore; CsA, cyclosporine A; PTEN, phosphatase and tensin homolog. was due to few extra Akt activation resulting from chronic Akt phosphorylation in the baseline, and continuous overexpression of Akt resulted in contractile dysfunction and susceptibility to cardiac injury (26) . On the contrary, aging suppressed the conditioning protection due to insulin insensitiveness and overexpression of PHLPP-1(a specific negative regulator of Akt) during myocardial IRI, which subsequently limited Akt activity in the aged heart (27) . In addition, a new study reported that ischemic postconditioning (IPostC) failed to exert its cardioprotective effect owing to thioredoxin-1 degradation, a part of antioxidant system, and subsequently inactivated the Akt and GSK3β in middle-aged and old animals (28) . In addition to the impact of the Akt pathway, the aging also affects the ERK1/2 state in the situation of IRI. Chang et al. (29) demonstrated that brief administration of isoflurane 3 minutes before and 2 minutes after the initiation of early reperfusion failed to reduce infarct size associated with not only Akt, but also GSK3β and ERK1/ 2 in aged rat hearts. Another study also demonstrated that cardioprotection by sevoflurane post-conditioning in young rats is not effective in senescent rats, which may at least be the consequence of failing to activate Akt and ERK1/2, and inhibit mPTP opening ultimately (30) .
In fact, the age-dependent impairment involves a wide signal transduction changes from the myocardial cell membrane receptors to mitochondrial targets (14) , which was illustrated in a systematic and rigorous study by Peart et al. Similarly, Zhu et al. (31) demonstrated that the phosphorylation levels of Akt and GSK3β were remarkably elevated in the aged rats and isoflurane failed to perform cardioprotection related to incapable of further increasing the survival protein phosphorylation to reduce mPTP opening following IRI. In addition, they tried to use SB-216763 and cyclosporine A (CsA), GSK3β and mPTP inhibitor respectively, but it was a pity that both SB-216763 and CsA failed to reduce myocardial infarct size in the aged rats (32, 33) . There is a deep reason that aging abolishes the conditioning protection associated with failing to reduce adenine nucleotide translocator-cyclophilin-D interactions and decrease GSK3β phosphorylation responsiveness to adenine nucleotide translocator, critical modulators of mPTP (34) .
It is worthwhile to note that some drugs (Table 1) still preserve the cardioprotection by regu- lating RISK-GSK3β pathway in the aged hearts and H2S is one of the most important members. In a series of studies, Li et al. had demonstrated that IpostC failed to protect the aged hearts against IRI related to impaired RISK-GSK3β pathway while exogenous H2S not only further enhanced the role of IPC in the young hearts but also recovered IpostC-induced cardioprotection via the inhibition of mPTP opening and oxidative stress by the activation of the ERK1/2, PI3K/ Akt-GSK3β and PKC-ε-mitoKATP pathways in aging cardiomyocytes. These findings suggested that H2S might be a novel target for the treatment of aging cardiovascular diseases (35) (36) (37) .
Recently, a study showed that PHLPP-1 overexpression was responsible for the impairment of conditioning induced Akt activation in the aged hearts. However, PHLPP-1 knockdown or enhanced insulin sensitivity dramatically increased the phosphorylation of Akt and restored insulin induced cardioprotection (27) . Taken together, it is an indisputable fact that aging is associated with the loss or attenuation of conditioning protection. Some strategies have reported that the repair of RISK-GSK3β pathway may restore the conditioning protection in the aged hearts, but these findings have not been confirmed in clinical trials and studies to assess their effects on patients. Therefore, further clinical studies are warranted to understand the mechanisms of age-related myocardial changes, and to rationally evolve strategies to promote resistance to IRI.
Hyperglycemia and Diabetes
Diabetes or hyperglycemia is important risk factor for the development of cardiovascular disorders. Treatment of patients with diabetes who have underlying ischemic heart disease is a challenge of the new millennium because of the complex pathophysiology and the poor prognosis of these comorbidities (3, 9, 18) . Therefore, it is a very vigor and vitality field that investigators explore the relationship between cellular mechanisms changes in diabetes and the conditioning cardioprotection (Table 2) . Ischemic conditioning has been described impaired or suppressed in the diabetic hearts which greatly attributes to RISK pathway and this occurs through many mechanisms (3). An earlier paper reported that IPC still protected the diabetic hearts against IRI, but it appeared necessarily to increase the IPC stimulus compared with the non-diabetic hearts, which was attributed to demanding sufficient Akt phosphorylation to execute the IPC protective signal due to the threshold elevation (38) . It is the same with aging that there is also chronic activation of PI3K/Akt in the diabetes hearts, and excessive insulin signaling to Akt is detrimental for IPC cardioprotection and could explain the failure of the diabetic myocardium to preconditioning (25, 26, 39) . A recent study demonstrated that phosphatase and tensin homolog (PTEN), the negative regulator of PI3K/Akt, and overexpression in the diabetic rats were responsible for the loss of IpostC cardioprotection. But the effect that PTEN inhibition/gene knockdown mediated restoration of IpostC/hypoxic postconditioning (HpostC) cardioprotection, interestingly, was completely reversed by the PI3K inhibitor wortmannin (40) . In addition, diabetes suppresses the cardioprotection induced by pharmacological conditioning via the RISK pathway. Kim et al. (41) performed a study that diabetes induced by the Streptozotocin mitigated remifentanil cardioprotection, which might be associated with reduction of the activities of proteins involved in anti-apoptotic pathways including ERK1/2 and the abnormal expression of sarcoplasmic reticulum genes as a result of IRI in rat hearts. What's more, hyperglycemia inhibited the protective effect of remifentanil pre-conditioning (42) or isoflurane post-conditioning (11) and this effect seemed to be mediated via modulation of Akt and eNOS.
Previous reviews have elaborated that the diabetes-mediated pathogenic effects are found to be mediated by inhibiting RISK and activating GSK3β pathway which undertakes the responsibility for impairment of ischemic or pharmacological conditioning in diabetic hearts (18) . Hyperglycemia and hyper-insulinemia can both activate the GSK3β. The activated GSK3β can inhibit the myocardial transduction of insulin signaling and the utilization of glucose through the phosphorylation of IRS-1 which induces energy disarrangement and consequent pathological remodeling in the myocardium (43) . The failure of cardioprotection by IpostC in diabetic hearts may be attributed to the loss of GSK3β inactivation and thereby increasing oxidative stress (44) . Therefore, it has become a very important target which is able to restore the conditioning cardioprotection by inhibiting the GSK3β activation in diabetic hearts. Two studies have shown diabetes abolished erythropoietin (EPO) or sufentanil-induced cardioprotection against IRI, while it was restored by the administration of GSK3β inhibitor SB216763 (45, 46) .
Although most of the studies show that there is a negative correlation between diabetes and myocardial IRI, but some other studies (47) also suggested that diabetes can change the mechanisms of anti-apoptosis of myocardial cells, inflammatory factors, increasing the energy utilization, and reducing the infarct size. Short-term diabetes promoted compensatory mechanisms that may provide cardioprotection against IRI, at least in part, by increasing antioxidants, the up-regulation of the pro-survival PI3K/Akt pathway, and the down-regulation of apoptotic genes and pro-inflammatory cytokine TNF-β (48). In addition, it is also reported that some agents restore the conditioning protection by interfering cell membrane receptors and the downstream signal transduction in diabetic hearts. A recent study performed by Rana et al. (49) demonstrated that diabetes mellitus caused attenuation of bioactive metabolism of membrane sphingolipids-sphingosine-1-phosphate (S1P) and this may be a key mechanism of decreasing the IPC cardioprotection. It is interesting that S1P agonist FTY 720 combined with IPC prevents the diabetic hearts from IRI through inhibition of GSK3β and regulation of mPTP opening. Mokhtari et al. (50) indicated that troxerutin-treated by oral for 4 weeks could inactivate the GSK3β and reduce the apoptosis of IRI in the diabetic myocardium. Similarly, berberine treatment for 7 days prevented the diabetic hearts from IRI through AMPK activation, Akt phosphorylation, and GSK3 β inhibition in the non-ischemic area of the diabetic hearts (51). What's more, it has been reported that EPO (52) and Na2S (12) therapy can protect the diabetic hearts against IRI by enhancing the EKR1/2 arm of the RISK pathway, and subsequently regulating the caspase-3 activity and oxidative stress (Table 2) .
Obesity
Obesity is a major risk factor for many diseases including dyslipidaemia, insulin resistance and hypertension. It has no effect on basal cardiac structure or functions but decreases myocardial tolerance to IRI and impedes the ability of conditioning cardioprotection by dys-regulation of kinase signaling pathways (53) . However, some conditioning still preserves the cardioprotection in obesity, which is similar to aging and diabetes. Exercise is an important way to reduce obesity, induce cardioprotection against myocardial infarction, restore pro-survival signaling pathwayswith simultaneous increase in kinase phosphorylation including Akt, ERK1/2, p70S6K, AMPK and GSK3β, and increase resistance of mPTP opening, which has no relationship with improvement in obesity associated with comorbidities (54) . In addition, investigators have creatively put forward that obesity is associated with better prognosis or tolerance to ischemic heart diseases, a phenomenon described as the " obesity paradox" since decade ago. Puzzling was that high fat diet reduced infarct size and cardiac dilation, as well as improved left ventricular function compared to control diet animals. Researchers clarified the mechanisms that these effects were associated with enhanced RISK pathway function in high fat diet-fed animals' hearts shown as increased Akt and GSK3β phosphorylation (55) . Anyway, obesity has reached epidemic proportions and its association with the heart diseases may play a potential detrimental role in suppressing the conditioning cardioprotection.
Hyperlipidemia and Hypercholesterolemia
Hypercholesterolemia is one type of hyperlipidemia and regarded as the most prevalent risk factor for coronary artery stenosis and suppressing the conditioning cardioprotection. Despite the cellular mechanisms of hyperlipidemia influencing the conditioning cardioprotection is unclear, but hypercholesterolemia-induced deterioration of RISK pathway can provide reference to elaborate the mechanisms. A study performed by Wu et al. (56) showed that hypercholesterolemia inhibited the phosphorylation of Akt and ERK1/2, and subsequently induced excessive apoptosis by down-regulating Bcl-2 and up-regulating Bax,
Number 5 cytochrome c, caspase 9 and caspase 3, and resulting in reversing the IpostC cardioprotection.
It is exciting that a number of methods have been shown effective for preserving cardioprotection in the presence of hypercholesterolemia. Rho-kinase activity is involved in diverse cardiovascular diseases. Fasudil, inhibitor of Rho-kinase, preserved conditioning against myocardial IRI under hypercholesterolemia by up-regulating the PI3K/Akt/eNOS pathway and induced the the m KATP channel opening, but high dose of fasudil was needed (57) . Furthermore, fasudil was also able to restore the IpostC cardioprotection in the hypercholesterolemic rat hearts through the activation of PI3K/Akt/eNOS signaling pathway (58) . Recent studies have demonstrated that hyperchoesterolemia abrogated sevoflurane or ischemic-induced cardioprotection by alteration of upstream signaling of GSK3β, while it was reversed by GSK3β inhibitor SB216763. Furthermore, investigators showed that MG53, an upstream signaling cascade of Akt, contributed to acute membrane repair in cardiomyocytes and was impaired in hypercholesterolemic rat hearts, which was responsible for the deficit of Akt and ERK1/2 phosphorylation (22, 59) . It will provide a new target for restoring the conditioning protection in hypercholesterolemic hearts.
Uremic Heart
Uremia is one of the independent risk factors for cardiovascular mortality, which gives rise to a distinct cardiac pathology termed as uremic cardiomyopathy. Uremic cardiomyopathy is associated with a combination of structural and cellular remodeling, but it is controversial that whether the uremic heart suppresses the conditioning protection and is more susceptible to IRI. Semple et al. (60) established the rat uremia model induced by subtotal nephrectomy and uremia was associated with enhanced susceptibility to IRI. In the study, they also found that loss of insulin-mediated cardioprotection can be restored by administration of rosiglitazone. Altered Akt2 expression in uremic hearts after ischemia/reper- (40) Hydrogen sulfide (12) Erythropoietin (52) Berberine (51) S1P agonist FTY720 
Hypertension and Myocardial Hypertrophy
Myocardial hypertrophy is commonly defined as a pathological state characterized by modifications in cardiac size and shape, and changes in response to a variety of pathology including hypertension, renal disease and anemia, within which hypertension is the most common cause. The myocardial structural and signal transduction changes will render the heart more sensitive to IRI and suppress the effect of cardioprotective strategies. A very meaningful study performed by Andensern et al. (4) demonstrated that right ventricular hypertrophy increased IRI. Cardioprotection by IPC was abolished in the failing but not the compensated hypertrophic right ventricular of the rat hearts. But IPC cardioprotection was diminished in the compensated hypertrophic right ventricular due to the down-regulation of ERK1/2 phosphorylation in the baseline, and interestingly, the phosphorylation of Akt and GSK3β was unaltered in the failing and hypertrophic hearts, suggesting that the two proteins were not involved in the pathological process (5) . Different from this, Ma et al. reported that ventricular hypertrophy abrogated sevoflurane or IpostC-induced cardioprotection against IRI by alteration of both Akt, ERK1/2, and GSK3β signals (64) . Furthermore, the research team designed another study that intralipid was deprived of cardioprotection due to no capacity for upregulating the phosphorylation of Akt, ERK1/2, and their downstream target of GSK3β in the hypertrophic myocardium, but GSK3β inhibitor SB216763 failed to restore the intralipid cardioprotection (7), and it coincided with another study performed by Oei et al. (65) . On the contrary, some studies showed that GSK3β inhibitors imitated the cardioprotection afforded by ischemic conditioning and suggested that a decrease in mPTP by GSK3β/VDAC interaction was a crucial event (66) . In addition, IpostC exerted cardioprotection in compensated hypertrophic myocardium induced by angiotensin II. Interestingly, they found that the Akt phosphorylation kinetic was paralleled with ERK1/2 activation, but Akt remained active in spite of PI3K dysfunction in compensated hypertrophic post-conditioning hearts, which was possibly due to a cross-talk between ERK1/2 and Akt (19, 67) . Anyhow, it is a fact that the existence of a"threshold"in hypertensive myocardium needs much more stimulation in order to obtain the same cardioprotection as well as in the normal state. PIMR hearts against IRI in accordance with the normal myocardium, but the mechanisms were different by which activation of ERK1/2 compensated the lack of signal input from the activated PI3K/Akt pathway, sending signals to downstream mediators of cell protection in the PIMR hearts (68, 69) . However, two studies showed that PI3K/Akt but not ERK1/2 was the predominant kinase in conditioning-mediated cardioprotection in PIMR. Conditioning increased phosphorylation of the PKB/Akt downstream targets of eNOS, GSK3β, and p70S6K in remodeled hearts (70, 71) . It will provide a theoretical basis for clinical treatment of myocardial IRI after PIMR, though those basic researches come to diametrically opposite conclusion at the regulating mechanisms.
Post-infarct Myocardial Remodeling

Chronic Heart Failure
Chronic heart failure is the end-stage of various cardiovascular diseases, and even threats to the patients' life. A number of studies have shown that the failing hearts may be more vulnerable to IRI during cardiopulmonary bypass and even in the non-cardiac surgeries (72, 73) . But the recent studies have shown that some drugs preserve the failing heart against IRI by the pro-survival kinases. Khaliulin et al. (74) indicated consecutive isoproterenol and adenosine treatment can protect the failing heart mediated by glycogen depletion and inhibition of mPTP. An important study conducted by Kondo et al. (75) demonstrated that H2S treatment preserved mitochondrial function, attenuated oxidative stress, and increased myocardial vascular density by activating a VEGF-Akt-eNOS-cGMP signaling pathway at the 6th week following the induction of pressure overload. It provided an important insight into the mechanism by which activation of Akt attenuated pressure overload-induced heart failure. On the contrary, Andersen et al. (5) found that right ventricular hypertrophy-induced heart failure abolished the protective effect of IPC. Compared with the normal condition, this change was mainly related to the decreased phosphorylation level of ERK1/2, but it had no relationship with Akt/GSK3β. Similarly, we have demonstrated that morphine preconditioning exerts cardioprotection via activation of ERK1/2 but not PI3K/Akt signaling pathway, and subsequently inhibits the downstream GSK3β activity in the failing hearts induced by doxorubicin (76) . The roles of microRNAs (miRNAs) have been implicated in IRI and cardioprotection, recently, we revealed that morphine preconditioning can protect the adult rat cardiomyocytes against IRI by inducing differentially expressed miRNAs (77) . It is known that miRNAs and the pro-survival kinase of ERK1/2 are inextricably linked, and in turn, it regulates the miRNAs and subsequent ERK1/2 activation, which may play an important role in the failing hearts in speculation (78). Although the experimental findings suggest a potential effect of protecting the failing heart against IRI, but further clinical researches are needed to be conducted to prove the effectiveness.
Conclusion
Numerous studies have demonstrated that RISK-GSK3β pathway plays an important role in conditioning cardioprotection. Conditioning can effectively activate RISK pathway and subsequently inactivate GSK3β after a series of cascade activation reactions, inhibit mPTP opening, suppress cell apoptosis and improve the cardiac function. However, when combined with comorbidities including aging, diabetes, obesity, hypercholesterolemia and heart diseases, the pathological processes may cause pro-survival kinases over-activation or inactivation, mitochondrial dis-function as well as the pro-survival kinases negative regulator overexpression etc. It is natural that conditioning is unable to recruit the pro-survival kinases at the initial of reperfusion and thereby lacks the ability of cardioprotection under these changes. So, any strategy that repairs the impairment may have the potential to restore the conditioning against the IRI in the heart in the state of comorbidities. Studies more deeply and closely related to the clinical setting will provide pharmacological targets to limit IRI and reduce the mortality of ischemic heart disease.
